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[57] ABSTRACT 

An interfacing network for providing asynchronous data 
transfers directly with a computer memory and external 
devices. Computer instructions from the computer arithmetic 
unit are decoded in an executive control unit. Certain instruc 
tions ready an input or output channel control unit which 
thereafter controls data transfers with a selected external 
device. Each transfer is made directly with the computer 
memory and does not require interruption of the program 
being processed in the arithmetic unit. Once the input or out 
put channel control unit assumes control of the transfer, the 
executive control unit is immediately available to perform 
other functions independently and concurrently. It may ready 
the other channel control unit and monitor external device 
and interface conditions including the readiness of an external 
device to transmit data. Certain monitored conditions cause 
the interfacing network to interrupt normal computer opera 
tion. Various control signals in the executive control unit are 
translated to and from control signals in the computer and ex 
ternal devices to permit the utilization of common instruc 
trons. 
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PROGRAMMABLE COMPUTER-PERIPI'IERAL 
INTERFACE 

CROSS-REFERENCE TO RELATED APPLICATION 

This patent application is a continuation-in-part of applica 
tion, Ser. No. 886,689, for Programmable Computer 
Peripheral interface, by John C. Donaldson. .lr., ?led Dec. 16, 
I969, assigned to the same assignee as the present invention 
now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of invention 
This invention generally relates to computer systems and 

more speci?cally to the interconnection of external devices 
and a computer. 

2. Description of Prior Art 
Digital computers generally operate in conjunction with ex 

ternal devices, called “peripherals," that feed input data into 
the computers and accept output data from them. Some 
peripherals, such as punched card or tape readers and 
process-monitoring instruments, are used only for data input; 
others, such as line printers and cathode~ray tube displays, 
may be restricted to output functions; still others, such as mag 
netic tape and disc units and teletypewriters can be used for 
both data input and output. A peripheral may even take the 
form of another computer. 

In most cases data cannot, as a practical matter, be trans 
ferred directly between a peripheral and the internal com 
puter units where it is to originate or repose. This stems from a 
number of factors. For example, most peripherals are much 
slower in operation than a computer and direct transfer of 
data might unduly waste computer time. Also, voltage levels in 
a peripheral may be different from those in the computer or 
the or the information format may be different. Additionally, 
different control signals are required for different types of 
peripherals. Thus, the signals directing a magnetic drum unit 
to deliver a block of data to a computer are different from the 
signals used to interrogate an instrument monitoring a process 
parameter. 
For these reasons, computers contain input/output sections 

which serve as “interfaces“ between the peripherals and the 
internal computer units. These sections accommodate dispari 
ties in operating speeds, voltage levels, types of control signals 
and other factors preventing direct connections between 
peripherals and internal units of the computers. 

Still however, peripherals may pose serious operating 
problems. The input/output section of a computer can accom 
modate only a relatively small number of types of peripherals; 
and, as a result, a desirable peripheral is often incompatible 
with a given computer. Further, the total number of 
peripherals that can be connected to a computer may be less 
than the number that one needs to use. 
Another important factor is the difference in computer pro 

gramming for different peripherals. The programmer may 
have to use substantially different subroutines for the various 
types of peripherals and even for peripherals of the same type 
from different manufacturers. This complicates the program 
mer's task, uses up valuable capacity in the main memory of 
the computer and requires extensive use of the arithmetic unit 
of the computer. 

In order to minimize the complexity and number of subrou 
tines, certain compromises are often accepted. For example, a 
system speci?cation or description may limit the number of 
acceptable peripherals or interfacing characteristics and 
restrict the capacity of the system. When the word length of a 
peripheral differs from that of the computer, the subroutine 
for the peripheral usually involves the acceptance of sacri?ces 
in space or time for the main memory and central processor of 
the computer. Packing subroutines may be implemented to 
avoid inefficient memory utilization, but these add to the 
number and complexity of subroutines. 

In another approach to peripheral communication, an aux 
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2 
or the peripherals. Transfers between the main and auxiliary 
computers are accomplished with a direct memory access 
mode in which data flows between the main memories of the 
two computers without passing through registers in the respec 
tive central processors. While exceedingly e?icient in time 
sharing or other systems where large numbers of like 
peripherals are utilized, this approach is unduly expensive 
when applied to smaller systems or systems incorporating 
diverse peripherals. Further, the auxiliary computer in these 
systems normally communicates with each peripheral by 
means of a special subroutine. Hence, the various problems 
previously enumerated are equally applicable to the auxiliary 
computer approach when the peripheral interfacing charac 
teristics vary. 

In still another arrangement for multiple peripheral inter 
facing, a data input/output port in the computer is connected 
to a plurality of peripherals in a time-sharing mode of opera 
tion controlled by means of various programming techniques. 
Again, however, a compromise in central processor ef?ciency 
is utilized. Speci?cally, most peripherals in such a system must 
interrupt the computer operation when they have data to be 
fed to the computer. Before servicing an interrupting 
peripheral, the computer must store the contents of all work 
ing registers into previously designated and reserved storage 
locations in main memory so that the computer can eventually 
resume where it left off in the interrupted program. Moreover, 
the programming used in this approach to peripheral commu 
nication may be and often is limited to a particular computer. 
Therefore, this arrangement is expensive if use with a number 
of different computers is contemplated. 

Therefore, it is an object of this invention to provide an in 
terface between a computer and diverse peripherals which 
simpli?es computer programming. 
Another object is to provide a computer-peripheral inter 

face which uses standardized control and data transfer 
techniques. 

Still another object of this invention is to provide an inter 
face of the above type which minimizes central processor unit 
time required to transfer data. 
A further object of the invention is to provide an interface 

of the above type which permits data transfers with the com 
puter to be accomplished on a direct memory access basis. 
A still further object is to provide an interface in which the 

control of data transfers is accomplished primarily 
asynchronously with respect to the computer. 
Yet another object of the invention is to provide an inter 

face which expands the number of peripherals the computer 
can handle. 

SUMMARY 

Brie?y, an interface unit embodying the invention makes 
use of parallel communication channels between the com 
puter and its peripherals. Two channels are individually 
designated solely for one-way data transfers between the 
peripherals and the computer. A third or control channel su 
pervises the data transfer channels. More speci?cally, the con 
trol channel performs a plurality of interrelated functions. In 
response to computer instruction requesting a data transfer, 
the control channel sets up the appropriate data transfer chan 
nel and connects it to the proper peripheral. As soon as this 
set-up is completed, the control channel may set up the other 
data transferring channel. Alternatively, the control channel 
may concurrently and independently monitor various func 
tions and respond to certain conditions by transmitting infor 
mation to the computer arithmetic unit in response to the ex 
istence of a condition or to a computer instruction. All 
housekeeping and the related decoding and encoding func 
tions may be carried out independently of and concurrently 

iliary computer assembles data from either a main computer 75 with single or simultaneous data transfers with the computer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and objects of the 
invention, reference should be had to the following detailed 
description taken in connection with the accompanying 
drawings, in which: 

FIG. 1 is a diagram of a computer system incorporating this 
invention; 

FIG. 2 is a diagrammatic representation of a buffer unit 
shown in FIG. 1; 

FIG. 3 is a diagram of a transfer circuit and device card 
shown in FIG. 1', 

FIG. 4 is a detailed block diagram of the executive control 
unit shown in FIG. 1', 

FIG. 5 is a detailed block diagram of the input channel con 
trol unit shown in FIG. 1-, 

FIG. 6 is a detailed block diagram of the output channel 
control unit shown in FIG. I; 

FIGS. 7A and 7B are schematic diagrams showing the 
details of an illustrative device card; 

FIG. 8 depicts an instruction register, a function decoder, 
and a card select decoder shown in FIG. 4; 

FIG. 9 is a detailed diagram of timing unit, timing decoder 
and distributor shown in FIG. 4', 

FIG. I0 schematically illustrates an input channel control 
word counter and end-of-?eld generator shown in FIG. 5; 

FIG. 11 presents details of one embodiment of an input byte 
control unit for use in the input channel control unit of FIG. 5; 

FIG. l2 depicts, in schematic form, a controller for the 
input channel control unit of FIG. 5 together with an input 
selector unit, a request generator and pulse generator; 

FIGS. 13A and 13B depict a controller and output selector 
for the output channel control unit of FIG. 6; 

FIG. 14 is a logical representation of an interrupting signal 
sensor, enabling unit and interrupting signal encoder adapter 
for use in the executive control unit of FIG. 4. 

DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT 

A. General Discussion 
l . Organization 

In the following description like numerals refer to like ele 
ments and circuits throughout. The single lines in FIG. 1 
represent control signal transfer paths or wires while the 
spaced, parallel lines indicate buses or channels. Further, 
buses and the information on the buses are designated by the 
same mnemonic; a speci?c bus or bit of information is 
designated by a reference numeral immediately following the 
mnemonic. For example, an executive channel bus of eighteen 
wires is generally designated as the XC bus. The "zero" wire 
and the speci?c bit of information on the zero wire are 
designated as the XC(OO) wire and the XC(OO) bit respect 
fully. In addition, the term “input“ refers throughout to data 
or other signals transferred to the computers; the term “out 
put." from the computer. 

Basically the system shown in FIG. 1 includes a computer 
20 and a plurality of peripherals located in a peripheral sec 
tion 22. Each peripheral is connected through an interface 24 
to the computer 20. Therefore, as will be immediately ap 
parent, the computer 20 effectively “sees" only one “pseudo 
peripheral" connected to the input/output control section 
(I/O control 26) for communication with the arithmetic unit 
28. However, the interface 24 is capable of communicating 
with a plurality of actual peripherals connected on the other 
side of the interface. 
The peripherals in the peripheral section 22 are associated 

with device cards designated as device card No. 1, device card 
No. 2 . . . and device card n. Each device card serves to inter 

connect the coupled peripheral and the interface 24 and may 
be more completely understood by referring to FIGS. 3, 7A 
and 7B. This connection enables the peripheral and associated 
device card to communicate normally. For example, a 
punched tape reader may communicate with device card 01 in 
eight-bit words while teletypewriters may transfer information 
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4 
with device card No. 2 serially by bit. Certain control func 
tions are performed by the device card in response to com 
puter instructions and some monitoring functions are also im 
plemented by it. 
As is evident, more than one like peripheral may be con 

nected with a given card. However, all peripherals associated 
with a speci?c device card should have like responses, control 
function and voltage levels. If a group of like peripherals, such 
as a group of teletypewriters, are connected to one device 
card, like device card No. 2, the speci?c peripheral must be 
selected. In addition, certain peripherals must be internally 
addressed, as for example, a magnetic drum connected to 
device card No. n. Internal addressing and peripheral selec 
tion are provided by information in the form of an "intemal 
peripheral address." This information is stored in counters 
found in the device card. 

While the number of device cards is arbitrary and depen 
dent upon the system con?guration in which the interface 24 
is used, eight device cards are o?en a practical limit. However, 
this number of device cards standardizes communications 
with a vast majority of peripherals in a given system and 
thereby satis?es the objectives of standardization and pro 
gramming simplicity. 
The remaining parts of the interface 24 in FIG. 1 permit 

data to be transferred directly with a memory 30 in the com 
puter 20. This is commonly known as direct memory access 
transfer. Two busses, designated as an input data bus 32 and 
an output data bus 34, are coupled through a coupling unit 36 
to the memory 30 in the computer 20 to provide the direct 
memory access transfers. The coupling unit 36 compensates 
timing and signal level variations between the computer 20 
and interface 24. Such coupling units are well-known in the 
art, and therefore are not described in detail. 

Overall interface supervision is provided by an executive 
control unit 38 which is coupled to an input channel control 
unit 40 and an output channel control unit 42. A transfer unit 
44 is connected to the data buses 32 and 34, the channel con 
trol units 40 and 42 and the device cards. The executive con 
trol unit 38 is also connected to a buffer unit 46. Basically, the 
executive control unit 38 responds to computer commands to 
set up the input and output channel control units 40 and 42 for 
data transfers. Therea?er, the control units 40 and 42 control 
the transfer of data, although they are constantly supervised 
by the executive control unit 38. 
The executive control unit 38 responds to computer issued 

instructions to monitor various conditions in each device card. 
The particular conditions are arbitrary and depend upon the 
system and peripherals. Whenever such a monitoring instruc 
tion is received, the executive control unit 38 decodes the 
computer instruction word, retrieves the condition informa 
tion and encodes the information for transfer back to the com 
puter arithmetic unit 28. 
The executive conu'ol unit 38 also is sensitive to classes of 

interrupting signals. Each interrupting signal generally in 
dicates that data is ready to be transferred, that data being 
transferred has been or may be lost, that a data transfer has 
been completed, or that certain peripheral conditions exist. In 
response to any interrupting signal, the executive control unit 
38 encodes an interrupting word, if the interrupting signal has 
priority over any other operations then in progress, and trans 
fers the interrupting word to the computer arithmetic unit 38 
by way of the I/O control 26 for appropriate response. The in 
terrupting word classi?es the interrupting signal and indicates 
the status of each interrupting signal in the class. 
Another series of control signals and functions are as 

sociated with the buffer unit 46. Whenever an instruction 
word or other information word is to be transferred between 
the computer 20 and the interfaces 24, a gate in the buffer unit 
46 is energized, and the buffer unit 46 signals either the com 
puter 20 or interface 24 as appropriate to take the instruction 
or information word. The buffer unit 36 also includes com 
puter memory address counters which coact with the input 
and output channel control units 40 and 42 to successively 
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designate the memory locations in the computer to which or 
from which the data is to be transferred. Data transfers 
between a speci?ed computer memory location and the data 
buses are intialed whenever the computer and the transfer unit 
44 are ready to transfer data. 
As previously indicated, both the input and output channel 

control units 40 and 42 are set up initially by the executive 
control unit 38. Once each channel control unit is set up, how 
ever, it controls the data transfer. By way of example, if a 
number of data words are to transferred to or from a group or 
block consecutively addressed storage locations, the number 
of data words transferred to or from the computer are moni 
tored in the input or output channel control units to stop the 
transfer when all data has been communicated. Selection cir 
cuitry enables a speci?c computer-selected device card to 
take part in each operation. When a device card is ready to 
transfer data with the transfer unit 44, the input or output 
channel control unit effects the transfer. Various internal in 
terface conditions, which are directly related to the transfer, 
are monitored by the input or output channel control units. If 
?exible computer requirements are desired, a computer word 
length selector may be provided to control other circuitry in 
the transfer unit 44. 
More speci?cally, the transfer unit 44 permits single trans 

fers with the data register in each device card. Transfers 
between computer memory 30 and the transfer unit 44 are 
based on the number of bits in a memory location, commonly 
referred to as computer memory word-length, and number of 
transfers required to load or unload the transfer unit 44 with 
respect to the computer memory. For example, assume that a 
device card can store thirty-two bits of data while the com 
puter memory can store only sixteen bits at a given location. If 
the computer word-length selector indicates that two transfers 
with the computer memory will be made, the transfer unit 44 
selects the ?rst sixteen bits of information in the transfer unit 
44 and then, for the next transfer, the last l6 bits. 
As previously indicated, the steps for transferring a data 

block include storing the initial computer memory address, 
the number representing the size of the data block and the ini 
tial internal peripheral address, if appropriate. When the inter 
face transfers a data word, it generates the computer memory 
address in the buffer unit 46 for transfer to the computer 
memory address register and transfers the data to that location 
or from that location through the computer memory buffer on 
the input data bus 32 or the output data bus 34. 

It will now be evident that the objectives of direct memory 
access data transfers and asynchronous operation are effi 
ciently attained with this approach to data transfers. Once the 
arithmetic unit 28 of the computer 20 issues a data transfer in 
struction, the executive control unit 38 sets up the appropriate 
input or output channel control unit. No further action by the 
arithmetic unit 28 is required, so the central processor of the 
computer returns to executing the original program. Program 
completion is not therea?er interrupted by the data transfer 
although it is delayed by the number of memory cycles 
required to make the transfer. Once the executive control unit 
38 has set up an input or output channel control unit, it is im 
mediately available to set up the other channel control unit or 
perform the various monitoring or control functions. 
2. Operation 

Before describing the detailed structure and operation of 
certain of the control units and circuits shown in FIG. 1, it will 
be helpful to briefly de?ne the various operations performed 
by the interface 24 in conjunction with the computer 20 and 
peripheral section 22. As previously indicated, data transfers 
may be computer-initiated. On the other hand, if a device card 
is ready to transmit data, an interrupting signal is generated; so 
data transfers may also be initiated by a peripheral. The com 
puter may also interrogate a particular device card to select 
and monitor one of several conditions or to monitor one of 
several predetermined sets of conditions. Certain other in 
structions and functions are provided as described below. 
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To illustrate operation under various instructions, assume a 

data block stored at speci?c, consecutively addressed loca 
tions in peripheral n(l) is to be transferred to speci?c, con 
secutively addressed memory locations within the computer. 
Further, assume that the data block is completely identi?ed by 
de?ning the location of the initial data word in peripheral n( 1) 
and the number of words in the block. Such a transfer would 
be encountered, for example, in transferring the contents of a 
magnetic drum or disc into the random access memory of the 
computer. 

Ifthe peripheral 11(1) is a magnetic drum, the drum must be 
brought up to speed and the read-write head must be properly 
oriented. This peripheral preparation is provided by pro 
gramming the computer 20 to generate an [Nitiate ReaD 
(INRD) instruction at the 110 control 26. The lNRD instruc 
tion identi?es the device card No. n and, by an immediately 
following word, the initial address on peripheral n( 1). The in 
terface 24 responds to these two words issued in sequence 
from the computer 20 to start the drum and properly orient 
the read-write head. 

Subsequently, the computer 20 generates another pro 
grammed instruction, identi?ed as an lNput OPerate (INOP) 
instruction, to transfer data from the drum. The [NOP instruc 
tion indicates whether the transfer can be interrupted, defines 
the number of computer words in an interface word, and 
identi?es the device card to be selected. The INOP instruction 
also indicates that the next two words to the interface 24 from 
the computer identify the number of words in a block (i.e., a 
word count) and the initial computer storage location. 

All this information is decoded in the executive control unit 
38, which initiates appropriate responses in the input channel 
control unit 40. The control unit 40 stores the word count and 
generates control signals in response to the byte size informa 
tion. These control signals are coupled to the transfer unit 44 
to control the number of bits in a data word, the bits being 
transferred in parallel to the computer memory 30 from the 
transfer unit 44. The input channel control unit 40 also 
responds to signals from the executive control unit 38 to ena 
ble the computer selected device card. 
When the transfer unit 44 is ready to load data from the 

selected device card into the computer 20, the input channel 
control unit 40 transfers one computer data word directly into 
the computer memory 30. Each data word is transferred in 
parallel onto the input data bus 32 independently of opera 
tions in the computer arithmetic unit. During the transfer, the 
buffer unit 46 and the input channel control unit 40 monitor 
various conditions relevant to the transfer to assure that rele 
vant data is not lost. 
A data block transfer from the computer to a given 

peripheral is similarly executed by the interface 24 in response 
to an OUTOP instruction with certain exceptions. For exam 
ple, a separate peripheral setup instruction analogous to the 
lNRD instruction is not necessary because no data transfers 
can occur until the peripheral is ready to receive data. There 
fore, the function of the lNRD instruction can be combined 
with the other functions of an OUTOP instruction. Unlike the 
lNOP instruction, the issue of an OUTOP instruction does not 
affect interrupting conditions in the interface 24 de?ned by 
the INRD, INOP or other instructions. 

Like an INOP instruction, the OUTOP instruction de?nes 
the computer word size in relation to the interface word size 
and identi?es the device card to be selected. The OUTOP in 
struction also indicates whether the next transfers to the inter» 
face 24 define the number of words in the data block and an 
initial computer address. Furthermore, the OUTOP instruc 
tion also indicates whether an internal peripheral address will 
be transferred to the interface 24 from the computer 20. 

In response to the OUTOP instruction, the output channel 
control unit 42 stores the word count; the bu?'er unit 46, the 
initial computer address; and the selected device card, the in 
ternal peripheral address. When this information is decoded 
and properly stored, the output channel control unit 42 is 
ready to transfer data to the transfer unit 44 over the output 



3,673,576 
7 

bus 34 for further transfer to the appropriate device card and 
peripheral. Subsequent transfers to the peripheral through the 
transfer unit 44 and the appropriate device card are controlled 
by the output channel control unit 42 in a manner analogous 
to the execution of the INOP instruction. Various conditions 
relevant to the data transfer are also monitored to assure that 
no information is lost. 
The INC? and OUTOP instructions are the primary data 

transfer instructions. In addition to these instructions and the 
lNRD instruction, the interface 24 shown in FIG. 1 also 
responds to monitoring instructions from the computer. A 
SeSNe DeVice (SNSDV) instruction permits monitoring of 
predetermined conditions for any selected device card. For 
example, programmable functions such as “end-of-tape“ or “ 
write parity error“ may be monitored in response to a SNSDV 
instruction. When an SNSDV instruction is issued, the execu 
tive control unit 38 selects the device card to be monitored 
and transfers a multiple-bit word representing the predeter 
mined peripheral conditions to the computer l/O control 26. 
A Status Request (SR) instruction also provides monitoring 

of conditions related to the transfer of data or conditions 
within the interface 24. Although limited to monitoring condi 
tions at speci?c locations to the interface 24, the SR instruc 
tion permits one of diverse monitoring functions to be 
selected. These functions include identifying the connected 
device card, the word count or the computer address at the 
time of the SR instruction, for example. 
The interface 24 also responds to certain control instruc 

tions. A Take Control Bits (TCB) instruction complements 
the INRD or OUTOP instruction if additional addressing is 
necessary. It may also be used to set up discrete conditions 
within a peripheral such as turning on a punch motor or in 
itiating a tape rewind. The executive control unit 38 decodes a 
TCB instruction and transfers the information directly to the 
selected device card. 
Another computer instruction, a Transfer interrupt Enable 

Pro?le (TlEP) instruction, is decoded in the executive control 
unit 38 and de?nes which of certain interrupting signals may 
be recognized. More specifically, interrupting signals indicat 
ing that data is ready to be transferred from the device cards 
are masked in response to the TlEP instruction in the execu 
tive control unit 38. 
The interface 24, in addition to responding to computer 

generated instructions must be responsive to interrupting 
signals from the peripherals. For example, if a given device 
card is ready to interchange data, the interface 24 must trans 
mit an appropriate signal to the computer 20 to avoid any loss 
of data and yet maximize the efficiency of the system. Also 
certain other peripheral conditions and interface condition 
often must interrupt the program being run in the arithmetic 
unit. As will be described with reference to FIGS. 4 and 14, 
the interface 24 responds to interrupting signals by encoding 
an interrupting word identification for application to the U0 
control 26 in the computer 20. The computer may be pro 
grammed to respond by issuing one of the above-described 
data transfer, monitor or control instructions or by taking 
other appropriate action. 

Before going into a more detailed description of the inven 
tion, it should be emphasized that the interface 24 in FIG. 1 
provides two independent parallel paths or channels for con~ 
current data interchanges. The third or control channel 
responds to instruction words from the computer and can 
simultaneously supervise a data input, a data output and 
respond to one of several monitoring or controlling instruc 
tions. Furthermore, during the actual data transfer, the third 
channel constantly monitors and oversees the data transfers 
and responds to various conditions within the transferring 
peripherals or the interface. 

In the immediately following discussion each system ele 
ment is described without reference to circuit details. In 
dividual circuits not well known in the art are indicated and 
subsequently described in detail. 
B. Detailed Discussion 
1. Organization 
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8 
a. Buffer Unit 46 
The buffer unit 46 is shown in FIG. 2 in relation to the com 

puter 20 and the coupling unit 36. All information may be 
transferred between a computer 20 and the coupling unit 36 
on a bidirectional bus 50 or equivalent transfer means. 
Another bidirectional bus 52 connects the coupling unit 36 
and the buffer unit 46. Still another bus designated as an ex 
ecutive channel (XC) bus 54, connects the coupling unit 36 
and the buffer unit 46, to the executive control unit 38, the 
input channel control unit 40 and the output channel control 
unit 42 to provide a communications path for each connected 
unit. 
The buffer unit 46 shown in FIG. 2 includes standard coun 

ters, gates, encoders, and decoders and is de?ned in terms of 
its functional organization. An input computer address 
counter 56 identi?es an initial computer memory storage loca 
tion into which the data from a peripheral is to be loaded. The 
counter 56 is loaded in response to an appropriate INOP in 
struction. An analogous computer address counter 58 is 
loaded during an OUTOP instruction to identify the initial 
computer storage location from which data is to be trans 
ferred. Both the input and output computer address counters 
56 and 58 are normally connected to transfer the address 
stored therein to a memory address register 59 in the com 
puter. 

Utilizing the counters 56 and 58 permits automatic ad 
dressing of consecutive storage locations when a data block is 
to be transferred. Upon completion of each data transfer to 
the computer, the input computer address counter 56 is incre 
mented to thereby provide the next computer memory ad 
dress. Simultaneously a decoder 60 in the buffer unit 46 
generates a Give Data Input Channel (GDlC) pulse which is 
coupled to the input channel control unit 40 to acknowledge 
the completion of the transfer. When the counter 56 signi?es 
that no additional storage positions are available an internal 
interrupting signal identi?ed as an Input End of Range (lEOR) 
signal is generated and transmitted to the executive control 
unit 38. 
The output address counter 58 similarly controls the com 

puter address during data output transfers and generates an 
Output End of Range (OEOR) signal when all available c0m~ 
puter memory storage locations are ?lled. Output data trans 
fers are acknowledged by a Take Data Output Channel (T 
DOC) pulse transmitted to the executive control unit 38 and 
output channel control unit 42 after data has been placed on 
the output data bus 34. 
A Take Data executive Cllannel (TDXCH) pulse and a 

Give Data executive CHannel (GDXCH) pulse are also 
generated in the decoder 60 in response to the completion of 
transfers between the XC bus 54 and the coupling unit 36. An 
XC bus gate 62 and an XC instruction gate 64 are also incor 
porated in the buffer unit 46. Instructions issued by the com 
puter 20 from the 1/0 control in the arithmetic unit 28 for the 
interface are coupled through the KC instruction gate 64. 
Enabling the instruction gate 64 causes the decoder 60 to 
generate the TDXCl-l pulse which acknowledges receipt of the 
information on the XC bus 54 and which is coupled to the ex~ 
ecutive control unit 38 and the input and output channel con 
trol units 40 and 42. Similarly, when the interface 24 is ready 
to transfer information to the computer 20, a computer 
generated signal enables the XC bus gate 62 and the informa 
tion is transferred to the arithmetic unit 28 by way of the [/0 
control. The decoder 60 responds and generates the GDXCH 
pulse which acknowledges transfer of the information on the 
KC bus 54 to the arithmetic unit 28 in the computer 20. 
An encoder 66 in the buffer unit 46 responds to Input 

Cl-{annel Ready (ICl-IR), Output Cl-lannel Ready (OCHR) 
and executive CHannel interrupt Ready (XCHIR) signals. 
The ICHR signal indicates that the transfer unit 44 is ready to 
transfer data to the computer 20. This signal is generated by 
the input channel control unit 40 (FIG. 1) and causes the en 
coder 66 to transmit an appropriate signal to the computer 20 
or otherwise notify the computer 20 to e?'ect the direct 
memory access transfer to the computer memory address then 
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speci?ed by the input computer address counter 56. When 
ever the transfer unit 44 has completed a data transfer to a 
device card and is prepared to accept more information from 
the computer 20, the output channel control unit 42 generates 
the OCHR signal which effects a similar direct memory access 
transfer from the computer memory address then speci?ed by 
the output computer address counter 58. lfan XCHlR signal is 
generated, the encoder 66 interrupts the computer 20 so that 
the interrupting word from the interface is coupled to the 
arithmetic unit 28. The XCHlR signal is also used in transfer 
ring information back to the computer 20 in response to a 
monitoring instruction. 
Whenever the computer 20 executes an instruction which 

transfers data from the interface 24 to an accumulator or 
similar register in the arithmetic unit, the decoder 60 
generates an executive Cl-lannel Selection (XCHS) signal. 
The XCHS signal prevents the executive control unit 38 (FIG. 
1) from responding to interrupting condition changes. 
These functions of the bu?er unit 46 together with the 

coupling unit 36 translate computer data words and instruc 
tion words into interface data words and control words and 
vice-versa. In this manner, a common data format and com 
mon control signals are obtained in the interface 24. Any 
number of circuits for performing these individual functions 
exists. Furthermore, the functions of the buffer unit 46 may be 
performed in other portions of the interface 24. The descrip 
tion of this speci?c arrangement is therefore intended only to 
aid in understanding the invention. 
b. Transfer Unit 44 and Device Cards 
The transfer unit 44 and the device cards perform an 

analogous translation for the interface 24 and the peripherals. 
in the illustrative embodiment shown in FIG. 3, data transfers 
with the memory 30 of the computer 20 are made through the 
bidirectional bus 50 and the coupling unit 36. 
Data generated by a peripheral is loaded into a device card 

input data register 67. The executive control unit 38 and input 
channel control unit 40 (FIG. 1) are alerted, and data from 
the device card is transmitted over a bus 68 to an input chan 
nel register 69 in the transfer unit 44. The data is then placed 
on the input data bus 32 for transfer to the computer memory. 
As soon as the information is loaded into an input channel re 
gister 69, the input data register 67 begins to accept other data 
from its associated peripheral. 
Data to be transferred from the computer 20 is coupled 

through the bidirectional bus 50 and the coupling unit 36 onto 
the output data bus 34. From the output data bus 34, the data 
is coupled to an output channel register 70 and subsequently 
onto a data bus 71 and to an output data register 72 in the 
device card connected to the selected peripheral. Each 
transfer to a selected device card from the transfer unit 44 is 
initiated after the previous data word has been loaded into the 
peripheral; each transfer to the transfer unit 44 from the com 
puter 20 is likewise delayed until previous data in the transfer 
unit 44 is loaded into the device card. 
The transfer unit 44, additionally includes a byte controller 

76 which controls an input section 74 and an output section 
75. As described later, IRSS and ORSS signals applied to the 
byte controller 76 depend upon the number of transfers with 
the computer required to load or unload the transfer unit 44. 
The input section 74 and the output section 75 provide a word 
size translation so that data transfers with the computer are 
made as complete computer words. To use the earlier example 
of a 32-bit interface data word and a sixteen-bit computer data 
word, the byte controller 76 would set the output section 75 to 
first load the ?rst 16 bits into an output channel register 70 
and thereafter load the other 16 bits. Such byte controllers 
and circuits for manipulating data bits and otherwise perform 
ing the functions of the input and output sections are known in 
the art and no further explanation is necessary. 
With further reference to FIG. 3, each device card may in 

clude other gates, sensing units and registers. For example, 
device card number 1 stores internal peripheral addresses in a 
peripheral input address register 76 and a peripheral output 
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address register 77. Dynamic sensing of peripheral conditions 
such as the end of a tape in a tape reader or punch or other 
analogous conditions is provided by a dynamic condition 
sensing unit 78. Peripheral setup and other control functions, 
de?ned by computer instructions decoded in the executive 
channel, are provided by a peripheral control unit 79. Further 
details of a device card may be obtained by referring to FIGS. 
7A and 7B and the related discussion which describes one em 
bodiment of a device card in detail. 
c. interface instructions 
The foregoing description of the buffer unit 46, the transfer 

circuit 44 and representative device card will aid in un 
derstanding the construction and operation of the executive 
control unit 38 shown in FIG. 1 and, in detail, in H6. 4. As 
previously indicated, the arithmetic unit 28 of the computer 
(FIG. I ) transmits certain instructions to the interface 24 from 
time to time. Each instruction has a definite format and is 
decoded by the interface 24 in order that the peripheral sec 
tion 22 properly responds to the instruction. As the remaining 
description depends upon an understanding of the various in 
struction formats, it will be helpful to describe the instructions 
in more detail. In the following tables a hyphen (-) represents 
a bit which can be selectively set to a logical one or zero. 
Zeroes and ones represent required rnicrocoding for the in 
struction while blank spaces indicate bits having no sig 
ni?cance. 
As previously described, the lNRD instruction, which sets 

up a peripheral for a subsequent data transfer to the computer 
has the format of TABLE 1. 

TABLE 1 

Device 
A2 Card 

De?nition Function Int Adr Selection 

Function De?ning 
Code ........... ._ l .... .. 0 0 ________________ _. 

BitNumber ...... __1110 9 B 7 6 5 4 3 ‘2 1 0 

The function code (011 in the most significant bits) identi?es 
the lNRD instruction. Multiple functions are de?ned by the 
INRD instruction when certain of bits eight through zero are 
properly microcoded to cause speci?c responses by the execu 
tive control unit 38. While bits six and seven have no sig 
ni?cance, bits four and ?ve must be set to zero to assure 
proper response in the executive channel control unit 38. 
Setting bit eight permits subsequent interrupting signals to in 
terrupt the operation of the interface 24. Bit three is set if the 
next word to be loaded from the computer is an internal 
peripheral address while bits zero, one and two are set to 
identify the selected device card. 
The [NOP instruction, shown in TABLE 2, causes data to be 

transferred into the computer memory. 

TABLE 2 

Device 
Function Byte Card 

Definition Code Int Size WC Al Selection 

Function De?ning 
Code _____________ __ 0 l ____________________ __ 0 __________ __ 

BltNurnber ________ "1110 9 8 7 6 5 4 3 2 1 0 

in the microcoded portion, bit eight and bits zero, one and 
two have the same signi?cance as the respective bits in the 
lNRD instruction. Bits six and seven de?ne the number of 
computer data words which equal one interface word. When 
bit five is set, the next word received by the interface 24 from 
the computer is a word count for the data block. That is, the 
next word is a number representing the number of words to be 
transferred. Ifbit four is set, then a computer memory address 
will be transmitted by the computer either immediately after 
the INOP instruction or, if bit ?ve is set, immediately after the 
word count is transmitted. Bit three must be set to zero to as 
sure proper response in the executive control unit 38. 
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When data is to be transferred from the computer, the 
OUTOP instruction is issued by the computer; and it has the 
format of TABLE 3. 

TABLE 3 

Device 
Function Byte Card 

De?nition Code Size WC Al A2 Selection 

Firm-lion Dv?nin 
(‘11110, , V l (l t _ . t _ _ , _ _ _ _ _ , 1 _ _ _ i _ _ _ , _ _ _ _ , , , _ _ ,, 

liltN‘umin-L. ll lfl ll ii 7 fl 6 4 3 2 l 0 

With reference to microcoding on OUTOP instruction, bit 
eight has no signi?cance. Bits seven and six de?ne the number 
of computer words in an interface word; bit ?ve indicates the 
next number from the computer is a word count; and bit four, 
that the following number is the computer memory address 

TABLE 6 

Function Device card 
De?nition code selection 

Function de?ning code. 1 1 0 

....11l0ll876543210 
5 

Bit number___..____ 

With a function code I ID in bits eleven through nine 
'0 respectively, bits zero through two de?ne the selected device 

card. No additional microcoding is performed as the informa 
tion returned to the computer from the selected device card in 
response to an SNSDV instruction is in a predetermined for 
mat. 

The second monitoring instruction, the SR instruction, 
monitors conditions which exist during a data transfer. This in 
struction has the format shown in TABLE ‘7. 

TABLE 7 

Function 
De?nition code INT OWC IWC OAl lAl ODS IDS MR DSL 

Function delin< 
ingcode ..... ._ 1 , _ _ _ . . . _ _ . . . . . _ _ . . . _ _ . . _ . _ . . . _ _ _ _ _ . . v . _ . . . . . . . . . . . . 1 1 . . . . . . . __ 

Bit number..." 11 10 9 8 7 6 5 4 3 2 l 0 

from which the data is to be taken. These bits are analogous to 
the respective bits in the lNOP instruction word. Bit three in 
dicates whether the word next following the instruction word 
identi?es an internal peripheral address. The internal 
peripheral address information from the computer follows the 
word count, computer memory address or both if generated. 
Bits two, one and zero de?ne the device card to be selected. 
Another instruction, issued to perform certain control func 

tions in the peripheral, is the TCB instruction of TABLE 4 
which transmits certain control bits to a device card. 

When the function code I l l is generated, then bit eight per 
forms the same function as it does in the lNRD instruction. 
Only one of the bits zero through seven is additionally set for 
each instruction. lf bit zero is set, then dynamically sensed 
conditions are retrieved. When bit one is set, the eight-bit 
mask in the executive control unit 38 is monitored. Setting bit 
two or bit three produces an identi?cation of the input or out 
put device card then connected to the input or output data bus 
respectively. The computer memory location to receive the 
next data input or to provide the next data output is retrieved 
from input computer address counter 56 or the output com 

30 

35 

TABLE 4' 40 puter address counter 58 (FIG. 2) if bit four or bit ?ve is set. If 
F 1 Device bit six is set, then the present status of the transfer of a block 
unct on Card - - - 

Dmnmon God“ Control m“ 38mm“ of data as de?ned by the input word count is transmitted to the 
computer; setting but seven retneves the output word count. 

F'mcglm‘ “mining d Executive Control Unit 
(1010." _ , . . .. l 0 0 . . _ . . _ . . . . _ _ _ _ . , . _ . _ . . . . . _ . . . . . . . .. ' . . 

nu. Nurnhnr __________ __ 11 10 ‘.1 s 7 o a 4 a 2 1 0 45 When the computer transfers any instructlon to the buffer 

Bits three through eight are microcoded for the speci?c 
device card designated by bits zero through two. 
A TlEP instruction de?nes the mask used to control the 

response to interruptions from device cards ready to transfer 
data to the computer. Its format is shown on TABLE 5. 

TABLE 5 

Function 
Code De?nition INT Mask Code 

Funcéion Defining 
Co 0 _____________ __ 

Bit Number ........ . . 

101 _ . . . _ _ _ i _ _ _ . _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _. 

in this instruction, bits seven through zero are microcoded to 
de?ne the mask. For example, if only bit zero were set, then 
only device card number 1 could interrupt the program. if all 
bits were set, all the device cards could interrupt. Bit eight 
may be used to alter the interruption response in a manner 
analogous to that de?ned with reference to the INRD instruc 
tion. 
Two monitoring instructions may also be issued from the 

computer. The ?rst monitoring instruction, the SNSDV in 
struction, is shown in TABLE 6 and causes a predetermined 
group of status or condition signals to be transferred from a 
selected device card to the computer. 

11109875543210 

unit 46, the decoder 60 generates the TDXCl-l pulse to in 
dicate that an instruction has been loaded onto the XC bus 54 
by the XC instruction gate 64 (FIG. 2). The TDXCH pulse is 
applied to a timing unit 82 in the executive control unit 38 
shown in FIG. 4. The timing unit 82 normally responds by 
generating two timing pulses in sequence; these pulses are 
identified at t1 and t2. The t1 and 12 pulses are applied to a 
timing decoder 84 which generates, among others, a Load in 
struction Register (LlR) pulse and a Transfer Instruction Re 
gister (TlR) pulse in time coincidence with the r! and t2 pul 
ses respectively. Functionally, the Lil! pulse gates the instruc 
tion on the KC bus 54 into an instruction register 86 while the 
TlR pulse enables the output of a function decoder 88. The 
details of the timing circuit 82 and the timing decoder 84 are 
shown and discussed with reference to H0. 9. 
A card select decoder 90 immediately decodes the device 

card selection code de?ned by signals on the XC(02),XC(01) 
and XS(00) wires from the instruction register 86. The 
decoder 90 energizes one of a plurality of output DCS conduc 
tors, each DCS conductor being connected to a speci?c 
device card. With a three-bit selection code, one wire in an 
eight-wire DCS bus is energized in response to each selection 
code. The resulting output signal, a Device Card Selection 
(DCS) signal, enables the selected device card. 
The output of the function decoder 88 is momentarily in 

hibited until the timing decoder 84 generates the TlR pulse. 
The delay and its purpose is explained later. One of a plurality 
of output pulses, which represents the specific function code 
de?ned by the combination of signals on the XC( l l ), XC( 10) 
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